Abstract Deterioration of groundwater quality due to anthropogenic activities is increasing at an alarming rate in most parts of the Punjab, but limited work has been carried out on groundwater quality and monitoring. This paper highlights the groundwater quality and compares its suitability for drinking and irrigation purpose in Malwa region, a southwestern part of Punjab. The Malwa region makes up the most cultivated area of Punjab with high consumption of pesticides and fertilizers. Twenty-four water samples representing groundwater sources were collected and analyzed for almost all major cations, anions and other physicochemical parameters. Analytical results of physicochemical analysis showed majority of the samples above the permissible limits of the Indian standards. The groundwater of the study area was very hard and the relative abundance of major cations and anions was Na
Introduction
Due to rapid industrialization and increasing human population, the stress on natural resources is increasing and their conservation is one of the major challenges for mankind. Groundwater is a most vital resource for millions of people for both drinking and irrigation. The quality of groundwater is as important as its quantity because it is the major factor in determining its suitability for drinking, domestic, irrigation and industrial purposes. The concentration of chemical constituents which is greatly influenced by geological formations and anthropogenic activities determine the groundwater quality. Both the agricultural and anthropogenic activities have resulted in deterioration of water quality rendering serious threats to human beings. The quality of groundwater cannot be restored once it is contaminated. Fluoride occurs naturally in groundwater and provides protection against dental caries, especially in children. But the fluoride concentration less than 0.5 mg/L leads to the risk of tooth decay while higher concentration causes dental fluorosis (Thivya et al. 2015) . Nitrate concentration above 45 mg/L may prove harmful to human health causing methemoglobinemia (blue babies) which generally affects bottle-fed infants (Jain et al. 2010) . High concentration of sulfates may induce diarrhea and intestinal disorders. Elevated concentrations of Fe in natural water resources can lead to several serious health problems like cancer, diabetes, liver and heart diseases as well as neurodegenerative diseases (Azizullah et al. 2011) . Arsenic in drinking water is related to occurrence of skin lesions (Chakraborti et al. 2016) .
Punjab, a northwestern state of India is one of the 29 states in the country with an area of 50,362 km 2 , which is about 1.6 % of the total geographical area of the country (Thakur et al. 2016 ). The groundwater is predominately used for irrigation and drinking purpose in the rural areas of Punjab. The quality of groundwater in southwestern districts of Punjab is deteriorating due to anthropogenic pollution including excessive use of fertilizers and pesticides. The worst example of agriculture based pollution is the contamination of groundwater and drinking water with uranium in the Malwa region of Punjab. According to a report entitled 'Water Logging in Punjab by Planning Commission', Government of India (2013), a considerable area of the southern and southwestern part of the state has nitrate concentration exceeding the critical level. High fluoride content, i.e., more than 10 mg/L has been found in Fazilka, Muktsar, Bathinda, Sangrur, Barnala districts. The Muktsar district of Punjab is facing a severe problem of water logging and salinization. According to Central Ground Water Board (2007) , the groundwater in Bathinda is alkaline in nature, moderately to highly saline and contains high concentration of fluoride. Hundal et al. (2007) reported arsenic concentrations greater than the safe limits in water samples from southwest zone of Punjab. Recently, there has been an alarming increase in the number of cancer cases in southwestern districts of Punjab. But a comprehensive report on quality of groundwater in the study area is not available, although much of its groundwater resources are contaminated. Moreover, the data comprising the water quality monitoring consists of regular measurements of physicochemical parameters to understand the geochemistry of water and its suitability for domestic and agriculture uses. The quality of water for irrigation is determined by the concentration and composition of dissolved ions which are generally governed by lithology of subsurface, velocity and quantity of groundwater flow, nature of geochemical reactions, solubility of salts and various anthropogenic activities (Tamma et al. 2015) . This study is an attempt in this direction, and evaluates the chemical characteristics and the principal hydrochemical processes controlling groundwater hydrochemistry in major agricultural parts of Malwa region with dense agricultural activities. The results of the study will be useful in the sustainable management of groundwater resources in the region.
Materials and methods

Study area
Major part of the study area is located in Malwa region of Punjab, India between 29°30 0 and 31°10 0 North latitudes and 73°50 0 and 76°50 0 East longitudes (Table 1) . It is bounded by the River Sutlej in the north, Haryana in the east and the south, Rajasthan in the southwest corner, and by Bahawalpur State of Pakistan in the west. The Malwa area makes up the majority of the Punjab region and has the most fertile land. The main economic activity in the area is agriculture, with the chief crops being cotton and rice. It is commonly known as the cotton belt of Punjab. The two crops are known for excessive use of pesticides. Climate of Malwa is comparatively hot, dry and arid. Three distinct seasons are experienced, viz, winter, summer and monsoon. There is a large seasonal fluctuation of both temperature and rainfall. Summers are extremely hot while winters are cold. The annual temperature varies between 2 and 45°C. The area is also swept by dust storms during the summer. Average annual rainfall in this zone is about 420 mm. The soil of the study area is loose, sandy, calcareous and alluvial, which is an admixture of gravel, sand, silt and clay in varying proportions (Bajwa et al. 2015) . Physiographically, the region has about flat to undulating geography and little patches of sand dunes.
Water analysis
The map of Malwa region of Punjab was prepared and gridding was done to carry out systematic collection of water samples. Groundwater samples were collected from 24 locations of the study area using Global Positioning System (GPS) during the month of June 2013 and February 2014. The samples were collected after 10 min of pumping and stored in good quality polythene bottles of 1 L capacity previously soaked in 10 % nitric acid (HNO 3 ) for 24 h and rinsed with deionized water. The water samples collected for arsenic analysis were filtered and acidified with few drops of HNO 3 . All samples were transported to the laboratory and kept at 4°C until used for further analysis. Water temperature, pH, electrical conductivity (EC), total dissolved solids (TDS) and turbidity were measured in the field using ELICO water quality analyzer PE 138. The samples were analyzed in triplicates for their chemical constituents in accordance to ''standard methods for the examination of water and waste water American Public Health Association (APHA 1985) ''. Total alkalinity (as HCO 3 ) was determined by acid titration method (0.1 N HCl) using methyl orange as an indicator. The total hardness (TH) and calcium (Ca) of water was analyzed volumetrically by ethylene diamine tetra acetic acid (EDTA, 0.01 M) titration method using Eriochrome Black T and Murexide indicators, respectively. The magnesium (Mg) concentration is calculated by subtracting concentration of Ca from total concentration of Ca and Mg. Concentration of chloride (Cl) was determined by Argentometric method by titrating against silver nitrate solution (AgNO 3 , 0.014 N). SPADNS calorimetric method was employed to measure the concentration of fluoride. Sulfates were measured by turbidimetric method as BaSO 4 while phosphates were determined by stannous chloride method. Nitrate (NO 3 -) concentration was estimated using UV-visible spectrophotometer at a wavelength of 220 and 275 nm. The NO 3 -concentration was measured at 275 nm to overcome interferences by dissolved organic matter, which also absorbs at 220 nm while NO 3 -was not absorbed at 270 nm. The NO 3 -values were accordingly corrected by subtracting twice the reading at 270 nm from 220 nm reading. Concentrations of iron (Fe), sodium (Na) and potassium (K) were measured using Flame Atomic Absorption Spectrophotometer (FAAS) Model 240 FS AA with Single Element Ultra AA Hollow Cathode Lamps. For analysis of arsenic, water sample (10 mL) was mixed with 5 M hydrochloric acid (10 mL) followed by the addition of potassium iodide (1 mL). The arsenic (As) content was determined after 30 min using 240 FS AA unit coupled with VGA 77 Vapor Generation Accessory (200 Series AA, Agilent Technologies, USA) with Single Element Ultra AA Hollow Cathode Lamp (Agilent Technologies, USA) of As. The standards were for As and Fe were prepared from stock solutions of As and Fe procured from Agilent Technologies, USA. The concentration of all the major cations, anions and metals was measured using standard reference solutions of analytical grade. Double distilled water was used for preparing the solutions and blank throughout the analysis. All mathematical calculations like ranges, means and standard deviations were calculated for physico-parameters using Excel 2007 (Microsoft Office). The statistical comparison like correlation analysis was done using SPSS version 16.0. The Piper diagram was plotted using Aquachem software. Results and discussions
Physicochemical analysis
The summary of the analytical results and the statistical measures such as minimum, maximum, mean and standard deviation is given in Table 2 for June 2013 and February 2014. The pH of all the groundwater samples of the study area was within the permissible limits while the high turbidity exceeding the desirable levels were observed in most of the samples. High turbidity of water is often associated with high levels of disease causing organisms such as viruses, parasites and bacteria responsible for symptoms such as nausea, cramps and diarrhea (Memon et al. 2016) . Among the physicochemical parameters studied, total hardness and alkalinity was found to be much higher than the permissible limits as prescribed by BIS standard. Hardness of water mainly depends upon the amount of calcium or magnesium along with their carbonates, sulfates and chlorides. Based on TH classification of groundwater (Table 5) almost all the samples were found to be very hard and unfit for drinking. Analysis revealed that the total hardness reported in our study was higher as compared to earlier studies (Sharma 2012) . The soil texture in the region was predominantly calcareous which may be the possible reason of hardness in water. The order of abundance of the major cations and anions in both the seasons is depicted in Fig. 1 . Kumar et al. (2007) also reported Na as the most dominant cation in the Muktsar district of Punjab, India. The average potassium in the groundwater of the region was found to be 15.32 mg/L in summer samples which was more as compared to winter samples with an average value of 11.26 mg/ L. The agricultural activities may be the main reason of increasing potassium content in groundwater (Sayyed and Bhosle 2011) . Both sodium and potassium does not have any prescribed limits for drinking water but the high levels of sodium in drinking water makes it salty in nature. During summer season, 87 % of samples were found to exceed the desirable limit of Ca 2? for drinking water (75 mg/L). In winter season, the average value of calcium ion was 194.67 mg/L with maximum value of 502.67 mg/L observed in sample GSW7. The average value of magnesium was 51.26 mg/L during summer season which was less as compared to the mean value (61.40 mg/L) in winter. Mean Ca concentration found in our study were higher than those reported previously in Muktsar groundwater by Kumar et al. (2009) while mean Mg concentration were found to be lower in this study. Total alkalinity in water is mainly caused due to OH, CO 3 , HCO 3 ions. Bicarbonates represent dominant anion in the study area followed by sulfates and chloride. A similar finding was also shown by Thakur et al. (2016) in parts of Punjab which showed that HCO 3 as the dominant anion in the region. The highest concentration of sulfates (692.22 mg/L) was observed in summer water sample (GSW7) collected from Deon Khera area of Muktsar district. High sulfate content may be due to breakdown of organic substances of weathered soils, human activities, use of fertilizers and sulfate leaching (Miller 1979; Craig and Anderson 1979) . Maximum allowable limit of sulfate is 400 mg/L. It becomes unstable when this limit exceeds and leads to laxative effect on human system with excess of magnesium (Subramani et al. 2005) . Chloride content was within the permissible limits with some 20.8 % samples in summer and 12.5 % samples during winter showed higher concentration of chloride than desirable limit (250 mg/L) set by BIS for drinking water which may be due to the use of inorganic fertilizers and irrigation drainage. Fluoride occurs as natural constituent and is one of the main trace elements in groundwater. The average of fluoride during summer was 1.971 mg/L which was above the maximum permissible limit (1.5 mg/L) as prescribed BIS and WHO. During winter, it varied from 2.98 to 0.81 mg/L. High fluoride content in groundwater is generally linked to the presence of fluoride bearing minerals in aquifers (Handa 1975; Wenzel and Blum 1992) . As far as nitrate contamination is concerned, all the samples were below the maximum permissible limit (45 mg/ L) as prescribed by BIS and WHO. The mean nitrate concentration in the study area was lower as previously reported in Muktsar and Patiala districts of Punjab (Kumar et al. , 2009 ) but higher than those reported in Jalandhar and Kapurthala districts of Punjab (Purushothman et al. 2012) . The average concentration of phosphate in summer samples was more than that of winter samples. Presence of phosphates in groundwater may be attributed to natural minerals or through pollution by application of fertilizer, sewage and industrial waste (Alemu et al. 2015) .
Iron and arsenic
Iron is the second most abundant metal in the earth's crust. Maximum and minimum values of iron are presented in Table 2 . About 29 % of the water samples during summer and 50 % of winter water samples contained iron above 0.3 mg/L (WHO guideline value of iron in drinking water). During summer, the Fe was found in the range of 0.009-5.41mg/L while in winter it ranged from 0.074 to 7.7mg/L. The mean iron concentration of water samples in the study area were higher than those reported by Bajwa et al. (2015) in SW Punjab (0.83 mg/L). Figure 2 shows the concentration of arsenic in groundwater of the study area in two different seasons. It was found that about 33 and 75 % samples collected during summer and winter seasons, respectively, has arsenic concentration more than the safe limits of 10 lg/L set by WHO and BIS thus were not suitable for drinking purposes. Mean arsenic concentrations (10.19 lg/L) found in our study were higher than the arsenic concentrations reported previously in Bathinda, (Sharma 2012) and Amritsar (Hundal et al. 2008) , but less than the concentrations reported by Sidhu et al. 2014 in southwestern region of Punjab. The elevated levels of arsenic in the study area may be due to its evaporative environment since the climate of this region is arid which can lead to more loss of water by evaporation than its gain by rainfall (Hundal et al. 2007 ). Arsenic contamination is also strongly associated with high concentrations of iron, phosphate, and ammonium ions, and anthropogenic activities such as excessive groundwater withdrawal for agricultural irrigation (Kumar et al. 2010) . Excessive use of arsenical pesticides on crops may be a source of arsenic contamination due to leaching process of fertilizers and pesticides from soils to groundwater. The major source of metal pollution in water is use of pesticides in the form of calcium arsenate, lead arsenate, sodium arsenate and arsenic acid (Rasool et al. 2016 ).
Correlation analysis
The correlation matrices for 17 variables were prepared for both summer (Table 3 ) and winter season (Table 4) -Cl had a correlation varied between 0.4 and 0.8. Besides a constant correlation between EC-TDS, EC-TH and EC-Cl in both the seasons, K and F did not show any correlation with any parameters during both the seasons. pH exhibited a negative correlation with most of the variables in both the seasons. Arsenic does not exhibit any significant correlation with any of the parameters studied except turbidity during summer season. In a similar study conducted by Baig et al. (2009) in groundwater of Jamshoro, Pakistan, a significant correlation between As and Fe was observed which indicated that the elevated levels of As might be due to the presence of Fe containing ores. However, no such correlation was observed in this study.
Water quality classification for irrigation
As the groundwater is being used for irrigation in Malwa region, it is necessary to determine the parameters responsible for irrigation water quality. The important parameters to know the quality of water for irrigation purposes are sodium absorption ratio (SAR), sodium percentage (Na%), magnesium ratio (MR) and corrosivity ratio (CR) (Tripathi et al. 2012) .
Total dissolved solids and EC
Total dissolved solids (TDS) in 75 % of the samples during summer and 66 % of the samples during winter season were found to exceed the desirable limit (500 mg/L) as per Indian standard for drinking water. This may be due to residential waste which migrates down to water table when discharged into pits and ponds (Singh et al. 2010) . Based on TDS classification, none of the water samples in both the seasons fall in very saline category and ranged between nonsaline to slightly saline (Table 5 ). Electrical conductivity (EC) is a good measure of salinity hazard to crops as it reflects the TDS in groundwater. Wide variation in electrical conductivity is observed with minimum value of 563.80 lS/cm and maximum value of 7007 lS/cm with an average value of 2016.36 lS/cm during summer season. During winter, the EC values varied between 425 lS/cm and 5176 lS/cm with an average value of 1516 lS/cm. The EC values were observed to be greater in summer season than winter season due to high rate of evaporation during dry season which represents water with high electrolyte concentration (Baig et al. 2009 ). According to Wilcox (1955) classification, none of the water samples falls in excellent class for irrigation purpose on the basis of salinity hazard (Table 6 ). Although the majority of the samples fall in permissible range, but still salinity hazard is an issue at few locations. Excess salinity interferes with the absorption of water and nutrients from the soil by reducing the osmotic activity of plants (Saleh et al. 1999) .
Sodium adsorption ratio (SAR)
SAR is a measure of alkali/sodium hazard to crops (Subramani et al. 2005) . Excessive amount of sodium relative to Ca and Mg inhibits the water supply needed for the According to Richards (1954) classification based on SAR values (Table 6 ), all the samples were found to be suitable for irrigation during both the seasons, and hence no alkali hazard is estimated to the crops.
Sodium percentage (%Na)
Sodium reacts with soil, thereby reducing its permeability which indicates that sodium concentration is important in the classification of irrigation water quality (Purushothman et al. 2012) . When sodium content is high in the irrigation water, it is adsorbed by the clay particles of the soil. This results in exchange of Na ? in water and displacing Ca 2?
and Mg 2? from soil. The soil permeability decreases with poor internal drainage resulting in limited air and water circulation during wet conditions. When dry, such types of soils become hard (Saleh et al. 1999) . Wilcox (1955) proposed a classification based on sodium percentage which can be calculated from the following formula: %Na = (Na ? ? K ? ) 9 100/(Ca 2? ? Mg 2? ? Na ? ? K ? ) (All ionic concentrations expressed in meq/l) The results based on %Na showed that majority of the samples were found to be good for irrigation (Table 6) . No sample falls in unsuitable category during both the seasons. Wilcox (1955) used %Na and EC to evaluate the quality of water quality using Wilcox diagram (Fig. 3) . The analytical data plotted on Wilcox diagram illustrates that except few samples, most of the groundwater samples fall in excellent and good categories and can be used for irrigation.
Magnesium ratio (MR)
Based on the magnesium ratio, water can be classified as suitable for irrigation purpose, if the MR ratio is greater than 50 % (Palliwal 1972) . It is expressed as: MR = (Mg 2? ) 9 100/(Ca 2? ? Mg 2? ) Generally, Ca and Mg are present in equilibrium in most of the waters. The quality of soil is affected adversely when magnesium content is high in water, resulting in alkaline nature of the soil and thereby reducing the crop yield ). Based on MR, most of the samples were unsuitable for irrigation during both seasons (Table 6 ).
Corrosivity ratio (CR)
It is expressed as: CR = [Cl -/35.5 ? 2(SO 4 2-/96)]/ 2(HCO 3 -? CO 3 2-/100) The groundwater is considered safe for transport by pipes if corrosivity ratio is less than 1 while the value greater than 1 indicates corrosive nature of water (Tripathi et al. 2012) . The calculated values of groundwater suggests that out of 24 samples analyzed 14 samples in summer and 11 samples in winter were corrosive in nature (Table 6) and need noncorrosive pipes for transporting and uplifting groundwater.
Hydrochemical facies of groundwater
The factors influencing the groundwater geochemistry are geochemical reactions and mixing of neighboring samples. The assessment of groundwater is primarily dependent on the relationship between rock types and water composition. Hydrogeochemical facies analysis is a valuable tool for determining the flow pattern and origin of chemical histories of groundwater (Chung et al. 2015) . In this study, groundwater has been classified as per Piper trilinear diagram (Piper 1944) to understand the hydrochemical facies of groundwater resources in study area (Fig. 4) . Three well defined fields are depicted in the diagram consisting of two triangular and a central diamond shaped field representing the overall characteristics of water (Oki and Akana 2016) . The cation triangle shows that the majority of the samples fall in no dominant zone in both the seasons while HCO 3 is the dominant ion as depicted by anion triangle of the Piper trilinear diagram. Two major types of hydrogeochemical facies were observed in different aquifers of the study area. The majority of the samples belonged to Ca-Mg-HCO 3 and Ca-Mg-SO 4 -Cl representing temporary hard water and permanently hard water type in both the seasons. The groundwater samples falling in Mg-HCO 3 facies having secondary salinity exceeds 50 % indicates the factors responsible for controlling groundwater chemistry are reverse ion exchange, leaching process of dolomites, limestones and gypsum. The samples that fall in Ca-Mg-SO 4 -Cl water type demonstrate Ca-Mg-Cl facies where groundwater cannot be characterized either as cation or anion dominant (Herojeet et al. 2016 ). The relative hardness of water is attributed to the presence of cations such as calcium and magnesium and anions such as bicarbonate and chlorides. It is clearly evident from the position of data points that alkaline earth (Ca ? Mg) metals exceed alkalies (Na ? K) in 83.3 and 91.6 % of the samples during summer and winter, respectively. The data revealed that carbonate hardness exceeds 50 % in most of the samples indicating chemical properties of water are dominated by alkaline earth and weak acids.
Mechanisms controlling groundwater chemistry Gibbs diagram and water-rock interaction
The groundwater chemistry is a major aspect of determining its use for domestic and irrigation purposes. Chemistry of groundwater is greatly controlled by the interaction of groundwater with aquifer minerals. The contributions of rock/soil-water interaction and anthropogenic influences on groundwater can be studied by various hydrogeochemical processes (Singh et al. 2011) . To obtain an insight into hydrogeochemical processes, Gibbs (1970) has proposed scatter diagram method illustrating three important natural mechanisms controlling the major ion chemistry of the groundwater including water-rock interaction, evaporation and atmospheric precipitation. The TDS concentrations were plotted against the ratios of Na ? K/(Na ? K ? Ca) for cations and Cl/(Cl ? HCO 3 ) for anions ( Fig. 5a-d) . It was found that majority of the samples collected from intermediate and deep aquifers falls in rock dominance during both the seasons. This reflected the significance of water-rock interactions as the major source of dissolved ions controlling the chemical composition of these waters (Li et al. 2015; Raju et al. 2015) . Next to rock dominance, a few groundwater samples fell into evaporation dominant area, signifying the role of evaporation on shallow groundwater chemistry. The dominance of silicate weathering is reflected if bicarbonate and sulfate dominate calcium and magnesium, resulting in increasing the concentration of HCO 3 in groundwater (Elango and Kannan 2003) . The scatter diagram of Ca ? Mg vs HCO 3 ? SO 4 (Fig. 6 ) showed 71 and 88 % samples in summer and winter seasons, respectively, fall below the equiline, indicating the primary process involved in the evolution of groundwater was silicate weathering (Tamma et al. 2015) .
Index of base exchange
Groundwater undergoes changes in the chemical composition during its travel to the subsurface and ion exchange is one of the important processes to evaluate these changes (Aghazadeh and Mogaddam 2010) . Ion exchange occurring between the groundwater and its host environment are indicated by chloro alkaline indices, CAI 1 and CAI 2 as suggested by Schoeller (1977) . The ion exchange indices were estimated by the following equations: Chloro alkaline index 1 = (Cl -(Na ? K))/Cl Chloro alkaline Index 2 = (Cl -(Na ? K)/(SO 4 ? HCO 3 ? CO 3 ? NO 3 )
In direct exchange, the indices are positive which indicates ion exchange of Na ? and K ? from water occurs with Mg and Ca in the rock. During indirect exchange, the ion exchange occurs in reverse order and the indices are found to be negative. CAI 1 and 2 calculated for both seasons revealed 75 % of the summer samples and 96 % of winter samples showed a negative ratio indicating the dominance of reverse ion exchange. An increase in indirect exchange was observed during winter as compared to summer season. 25 % of the samples showed a significant switch over between ion and reverse ion exchange on seasonal basis.
Saturation index (SI)
Geochemical modeling was done by aquachem software to evaluate the mineral saturation indices. Saturation index is important to determine the degree of equilibrium between water and minerals and to recognize mineral dissolution and precipitation processes in the aquifers (Redwan et al. 2016) . Following equation is used to compute the saturation index:
where IAP is the ion activity product and K sp is the solubility product constant. The mineral is saturated or supersaturated with respect to the solution when the saturation index is positive and its tendency to precipitate in groundwater. Negative value of SI suggests that water is undersaturated with respect to the mineral indicating dissolution of mineral in the system. The mineral is in equilibrium with groundwater in contact when SI value is 0 and has no tendency to precipitate or dissolve in groundwater. The assessment of SI might be helpful to understand the geochemical processes occurring in the region and would be able to determine the origin of dissolved ions in groundwater . The values of SI for calcite and (Aghazadeh and Mogaddam 2010; Redwan et al. 2016; Jabal et al. 2015) .
Conclusions
The hydrochemical analysis of the study area in parts of Malwa region, Punjab (India) reveals that the groundwater is highly contaminated except for a few locations. The majority of water samples were found to be beyond desirable limits as prescribed by WHO standards and Indian standards for drinking water. Samples from almost all the locations were classified as hard and contained high TDS which indicate its unsuitability for drinking. A wide variation in EC and TDS is observed in samples during both the seasons indicating the influence of climatic factors including rock water interaction as well as anthropogenic activities, such as increase in pumping, excessive use of fertilizers, and discharge of industrial effluents on the hydrochemistry of the study area. 2-[ Cl -, respectively. Among the different parameters analyzed, it was seen that EC, total hardness, alkalinity, calcium, sulfates and fluorides were higher than the BIS permissible limits in most of the samples. High level of fluoride is a major cause of concern. The total arsenic content in groundwater samples was higher than the safe limits of 10 lg/L set by WHO and BIS making water unsuitable for drinking purpose. Excessive use of phosphate fertilizer which is a common practice in this region seems to be the major anthropogenic sources of arsenic in the water samples. The groundwater falls in permissible range based on salinity hazard except few locations. However, the salinity hazard is quite high even though the alkalinity hazard is low. The high level of Iron was observed in groundwater, but no significant correlation was found between arsenic and iron. The parameters like sodium adsorption ratio (SAR), sodium percentage, and magnesium ratio were calculated from the chemical data. As per the results obtained, SAR and Na% revealed good quality of groundwater for irrigation purposes, whereas, MR and CR values showed that this water is not suitable for agriculture and domestic use. The area having corrosive ratio more than one need noncorrosive pipes for water supply. As for hydrochemical facies, Piper (1944) diagram suggested majority of the samples belonged to Ca-Mg-HCO 3 and Ca-Mg-SO 4 -Cl representing temporary hard water and permanently hard water type in both the seasons. The majority of samples fall in rock dominance zone followed by few samples from shallow region felling in evaporation dominance zone according to Gibbs (1970) plot indicating that the lithology plays a significant role in controlling the overall quality of groundwater apart from various other local environmental conditions. Chloro alkaline index 1 and 2 indicates the dominance of reverse ion exchange during both the seasons. The results of geochemical modeling showed that groundwater samples were supersaturated with respect to carbonate minerals. From this study, it is concluded that groundwater in the study area is chemically unsuitable for domestic and agricultural uses, but more intensive work and detailed analysis of heavy metals and other organic pollutants is required to obtain conclusive results. The affirmative solution will be a continuous water quality monitoring program and a detailed hydrogeochemical investigation is suggested for sustainable utilization of water resources not only in the study area, but in the entire state of Punjab. Finally, it is concluded that there is lack of proper monitoring of water quality, and a regular chemical analysis is required to check the suitability of water for drinking and irrigation purpose.
